Introduction
============

The foot is the last part of the lower extremity kinetic chain. As such, it has two basic tasks in terms of stability and dynamics of motion. The complex structure, shaped like a double lever, provides support when standing and moving, and allows adjustment to the unevenness of the ground ([@r1]). The stability and dynamics of foot are rendered possible through the transverse and two longitudinal foot arches which, according to Oatis ([@r2]) play a role in protecting the muscles, nerves and blood vessels of the plantar aspect of the foot under load, but they also render possible the absorption of force during collision with the surface, as well as production and release of energy during locomotion. Foot arch indexes indicate the amount of foot contact with the surface and their development.

Thus, in a healthy foot, the medial longitudinal arch is elevated 15 to 18 mm from the surface, while the lateral arch is elevated 3 to 5 mm from the surface ([@r3]). Deformities occur if the above-mentioned ratio of foot arches is disrupted, whereby the abnormal foot height, which exceeds 18 mm, causes *pes cavus*, whereas the significantly reduced foot height causes *pes planus* ([@r2]). Although all three arches functionally support the foot, it has been established that the medial longitudinal arch has clinical significance in both diseases and, ultimately, it has an effect on the functioning of the muscles and joints of the ankle, knee, hip, and of the lower back ([@r4]). Muscle weakness, bone abnormalities, excessive body weight, inherited weakness of supportive tissue, excessive physical effort, prolonged standing, bad habits during standing and walking, and unsuitable footwear disrupt the complicated texture (architectonics) of the foot and the foot arch begins to lower whereby causing flat foot ([@r5]).

Flat foot is a deformity of modern humans, the consequence of still incomplete adaptation to the upright position of walking on two legs. In primitive communities, as well as in poor regions, where people mostly walk barefoot or wear light leather footwear, there are no cases of flat foot. In such people, all muscles and joints are constantly active because, while walking, the foot constantly adjusts to uneven ground conditions. It is precisely foot deformities that cause further problems of the musculoskeletal apparatus, not just of the foot joints but along the entire locomotor system.

It is wrong to think that pain in the flat foot begins and remains only in the foot. As the first sign of 'foot flattening', patients can feel pain in the calves, lower back and upper back. The pain originates from stretched joint connections (ligaments); patients can feel weight in the legs and they can quickly get tired during walking. Afterwards, strong pain in the legs, the back, and even in the head may occur; they are the consequence of strain, of 'stretching' the numerous muscles by which the body attempts to change posture or walk, in an unconscious intention to reduce pain in the foot. Sometimes the first changes on the foot are noticed on the heel, which turns to the outside and foot pronation develops as compensation.

Afterwards, first the longitudinal medial arch begins to lower, followed by the lateral and eventually the transverse arch. In addition to foot pronation, shortening of the muscles of the peroneal group also occurs, as well as sensitivity of the plantar fascia and yielding of supporting structures of the medial side of the foot and tibialis posterior tendon ([@r4]). When the arches irreversibly get lowered, the foot becomes longer, wider in the front, shoes become too narrow and too short. Walking is associated with pain and tiredness. In severe cases, due to constant and strong pressure on the numerous bones of the foot, severe deformity of the foot occurs, which is associated with unbearable pain when moving and standing ([@r5]).

The problem of foot deformity occurs very frequently ([@r6]), and manifests in a high percentage and much more frequently than other deformities of the locomotor system. These deformities cause significant postural deviations and other health problems, not only in adults but also in the adolescent population. Videmsek *et al*. ([@r7]) established flat foot already in 3-year-old children in 72% of cases, 20% were borderline cases, and the feet were healthy only in 8% of cases. However, development of foot arches takes place in childhood, most intensively up to year 3, and it is considered that the development of foot arches ends approximately with the development of walk, approximately by year 12 in both genders when it ends in girls, while the critical period for the development of plantar arch is up to year 6 ([@r8]).

Thus, flat foot is more common in younger children, somewhat less common in older children, and rarely occurs in adults ([@r9]). The so-called flexible flat foot often appears in childhood as well, which is in fact normal foot shape and is present in a large percentage of the population. Flexible flat foot may occur due to the still undeveloped foot arches in children, but also due to shortened Achilles tendon, which causes pain and disability in some adolescents and adults, in which cases surgical treatment is indicated ([@r10]). In the research by Garcia-Rodriguez *et al*. ([@r11]) on a sample of children aged 4 to 13, it was found that as many as 75% of total flat feet appeared at the age of 4 and 5, while Abdel-Fattah *et al*. ([@r9]) found only 5% of flat feet in a sample of soldiers aged 18-21.

Therefore, Rose ([@r12]) points out that one should be cautious when making conclusion about the occurrence of foot deformity in childhood because the percentage may be overestimated as the foot development is not yet complete. Although flat feet are a physiological phase in the first decade of life and are corrected spontaneously, one needs to be cautious because advancement of untreated abnormally developed feet can result in structural changes of the skeleton and lower limb joints causing escalating pain ([@r13]). Mikić *et al*. ([@r14]) in a sample of 166 children aged 8 to 9 found that 65% and 68% of the subjects were free from deformities on any foot. First-degree deformity was found in 20%-21% and 2^nd^ degree deformity in 7%-10% of the subjects, whereas only 3.85% of the subjects suffered from 3^rd^ degree deformity. In children of the mean age of 9.23, El *et al*. ([@r15]) found almost 83% of healthy feet and only 17% of moderately flexible flat foot. Results observed by Thomasen method in a sample of young football players aged 11 to 13 showed very different values, where only 37% of the subjects had healthy left foot and 34% had healthy right foot. First degree flat foot was recorded in 50%-60% of cases, whereas second and third degrees were found in 3%-10% of cases ([@r16]). Similar results have also been reported by Kendic *et al*. ([@r17]) in a sample of 552 schoolchildren of the 1^st^, 2^nd^ and 4^th^ grades; in girls, depending on their age, deformities occurred in 60%-66% of cases, with an average frequency of almost 65%, whereas the incidence among boys ranged between 52% and 65%, with an average frequency of 62%. The problem with the diagnosis of flat foot is not only the age of subjects, but the literature often brings into question diagnostic methods as well, particularly regarding the reliability of measuring instruments ([@r18], [@r19]). When determining the degree of foot deformity, orthopedists apply three types of methods: graphic, angular and indexing methods. Mayer's method and the modified method of Russian authors are the most commonly used graphic methods. The best-known angular method is Clarke's method, while Irwing index, Chippaux-Smirak index and Cavanagh index are among the best-known indexing methods ([@r20]). This research was conducted with the objective to determine the occurrence of foot deformity in urban children, as well as the possible generational and gender differences using graphic and angular methods.

Subjects and Methods
====================

Sample of subjects
------------------

The sample of study subjects included 426 1^st^ to 4^th^ grade schoolchildren aged 7-10 years ([Table 1](#t1){ref-type="table"}). Out of the total number of study schoolchildren, 181 of them (88 boys and 93 girls) were measured in 2005, and 244 children (122 boys and 123 girls) in 2011.

###### Sample description

         Grade   n      \%     
  ------ ------- ------ ------ ------
  2005   M       1      30     34.1
  2      22      25.0          
  3      13      14.8          
  4      23      26.1          
  F      1       27     29.0   
  2      25      26.9          
  3      20      21.5          
  4      21      22.6          
  2011   M       1      19     15.6
  2      30      24.6          
  3      28      23.0          
  4      45      36.9          
  F      1       29     23.6   
  2      24      19.5          
  3      29      23.6          
  4      41      33.3          

M = male; F = female; n = number of students

Data collection
---------------

Data were collected during physical education classes at school, so that schoolchildren stepped barefoot at normal walking pace into a shallow bowl filled with paint and then stepped out and made a footprint on the paper. Data on school, grade, age and gender of each child were previously recorded on the paper. After collecting the samples, foot prints were analyzed.

The degree of foot deformity was determined by two methods, graphic Mayer's and angular Clark's method. Mayer's method was carried out by drawing a line from the middle of the heel print towards the inner edge of the fourth toe ([Fig. 1](#f1){ref-type="fig"}). If the width of the print of the middle narrow section of the foot exceeds the so-called Mayer's line on the inside, the person has a lowered arch. Mayer's method reveals deformity in the initial phase ([@r20]).

![Mayer's method ([@r20]).](acc-58-288-f1){#f1}

Clark's method determines the footprint angle (〈) between the line connecting the inner point of the heel and the front part of the footprint (A-A), and the line connecting the most convex point of the inner edge of the footprint (A-B) ([Fig. 2](#f2){ref-type="fig"}). In normal foot, the angle is over 42 degrees, and in flat foot the angle is less than 42 degrees ([@r20]).

![Clark's method ([@r20]).](acc-58-288-f2){#f2}

Statistics
----------

For each individual subsample, the frequency and percentage of subjects in each category were calculated (healthy foot, 1^st^ degree deformity, 2^nd^ degree deformity and 3^rd^ degree deformity). The χ^2^-test was used to determine differences in each category according to age, gender and years.

Results and Discussion
======================

Analyzing differences in deformity frequencies between the two measurements by ?χ^2^-test (?χ^2^=8.48; p=0.21), no statistically significant differences were observed when comparing 2005 and 2011. There were no statistically significant differences in the frequency of deformity either in boys (?χ^2^=6.53; p=0.25) or in girls (?χ^2^=6.98; p=0.32) ([Table 2](#t2){ref-type="table"}).

###### Foot deformity frequencies in 2005 and 2011

  -----------------------------------------------------------------------------------------------------------------
                  2005     2011                                                                             
  --------------- -------- ------- ------- ------- ------- ------- -------- ------- ------- ------- ------- -------
  All             M        F       All     M       F                                                        

  f               \%       f       \%      f       \%      f       \%       f       \%      f       \%      

  Healthy foot    138.00   76.24   61.00   69.32   77.00   82.80   186.00   75.92   93.00   76.23   93.00   75.61

  *Pes planus*\   17.00    9.39    1.,00   12.50   6.00    6.45    36.00    14.69   1.00    15.57   17.00   13.82
  1^st^ degree                                                                                              

  *Pes planus*\   11.00    6.08    8.00    9.09    3.00    3.23    12.00    4.90    6.00    4.92    6.00    4.88
  2^nd^ degree                                                                                              

  *Pes planus*\   5.00     2.76    4.00    4.55    1.00    1.08    1.00     0.41    1.00    0.82    0.00    0.00
  3^rd^ degree                                                                                              

  *Pes cavus*\    8.00     4.42    3.00    3.41    5.00    5.38    8.00     3.27    3.00    2.46    5.00    4.07
  1^st^ degree                                                                                              

  *Pes cavus*\    1.00     0.55    1.00    1.14    1.00    1.08    1.00     0.41    0.00    0.00    1.00    0.81
  2^nd^ degree                                                                                              

  *Pes cavus*\    1.00     0.55    0.00    0.00    1.00    1.08    0.00     0.00    0.00    0.00    0.00    0.00
  3^rd^ degree                                                                                              
  -----------------------------------------------------------------------------------------------------------------

M = male; F = female; f = frequency

In 2005, there were no significant gender differences in the frequency of foot deformity (χ^2^=9.77; p=0.76) and the same applied to 2011 (χ^2^=2.61; p=0.76) ([Table 2](#t2){ref-type="table"}).

In 2005, deformity frequencies in the total sample were not significantly different (χ^2^=21.73; p=0.24). By analyzing differences separately for each gender, there were no statistically significant differences in the frequencies according to age either in boys (χ^2^=23.82; p=0.06) ([Table 3](#t3){ref-type="table"}), or in girls (χ^2^=17.36; p=0.29) measured in the same year ([Table 4](#t4){ref-type="table"}).

###### Foot deformity frequencies in boys in 2005

  -----------------------------------------------------------------------------------------------
                  1^st^ grade   2^nd^ grade   3^rd^ grade   4^th^ grade                    
  --------------- ------------- ------------- ------------- ------------- ---- ------ ---- ------
  f               \%            f             \%            f             \%   f      \%   

  Healthy foot    16            53.3          17            77.3          9    69.2   19   82.6

  *Pes planus*\   4             13.3          4             18.2          3    23.1   3    13.0
  1^st^ degree                                                                             

  *Pes planus*\   3             10.0          1             4.5           1    7.7    0    0
  2^nd^ degree                                                                             

  *Pes planus*\   4             13.3          0             0             0    0      0    0
  3^rd^ degree                                                                             

  *Pes cavus*\    3             10.0          0             0             0    0      0    0
  1^st^ degree                                                                             

  *Pes cavus*\    0             0             0             0             0    0      1    4.3
  2^nd^ degree                                                                             

  *Pes cavus*\    0             0             0             0             0    0      0    0
  3^rd^ degree                                                                             
  -----------------------------------------------------------------------------------------------

f = frequency

###### Foot deformity frequencies in girls in 2005

  -----------------------------------------------------------------------------------------------
                  1^st^ grade   2^nd^ grade   3^rd^ grade   4^th^ grade                    
  --------------- ------------- ------------- ------------- ------------- ---- ------ ---- ------
  f               \%            f             \%            f             \%   f      \%   

  Healthy foot    23            85.2          20            80.0          15   75.0   19   90.5

  *Pes planus*\   1             3.7           1             4.0           3    15.0   1    4.8
  1^st^ degree                                                                             

  *Pes planus*\   2             7.4           1             4.0           0    0      0    0
  2^nd^ degree                                                                             

  *Pes planus*\   0             0             0             0             0    0      1    4.8
  3^rd^ degree                                                                             

  *Pes cavus*\    0             0             3             12.0          2    10.0   0    0
  1^st^ degree                                                                             

  *Pes cavus*\    0             0             0             0             0    0      0    0
  2^nd^ degree                                                                             

  *Pes cavus*\    1             3.7           0             0             0    0      0    0
  3^rd^ degree                                                                             
  -----------------------------------------------------------------------------------------------

f = frequency

As in the first measurement, in 2011 there were no significant differences according to age in the total sample (?χ^2^=11.51; p=0.71) ([Table 1](#t1){ref-type="table"}), in boys (?χ^2^=13.49; p=0.33) ([Table 5](#t5){ref-type="table"}), and in girls (?χ^2^=7.67; p=0.81) either ([Table 6](#t6){ref-type="table"}).

###### Foot deformity frequencies in boys in 2011

  -----------------------------------------------------------------------------------------------
                  1^st^ grade   2^nd^ grade   3^rd^ grade   4^th^ grade                    
  --------------- ------------- ------------- ------------- ------------- ---- ------ ---- ------
  f               \%            f             \%            f             \%   f      \%   

  Healthy foot    16            84.2          24            80.0          24   85.7   29   64.4

  *Pes planus*\   2             10.5          4             13.3          3    10.7   10   22.2
  1^st^ degree                                                                             

  *Pes planus*\   0             0             1             3.3           1    3.6    4    8.9
  2^nd^ degree                                                                             

  *Pes planus*\   1             5.3           0             0             0    0      0    0
  3^rd^ degree                                                                             

  *Pes cavus*\    0             0             1             3.3           0    0      2    4.4
  1^st^ degree                                                                             

  *Pes cavus*\    0             0             0             0             0    0      0    0
  2^nd^ degree                                                                             

  *Pes cavus*\    0             0             0             0             0    0      0    0
  3^rd^ degree                                                                             
  -----------------------------------------------------------------------------------------------

f = frequency

###### Foot deformity frequencies in girls in 2011

  -----------------------------------------------------------------------------------------------
                  1^st^ grade   2^nd^ grade   3^rd^ grade   4^th^ grade                    
  --------------- ------------- ------------- ------------- ------------- ---- ------ ---- ------
  f               \%            f             \%            f             \%   f      \%   

  Healthy foot    21            72.4          18            75.0          23   79.3   31   75.6

  *Pes planus*\   5             17.2          4             16.7          4    13.8   4    9.8
  1^st^ degree                                                                             

  *Pes planus*\   3             10.3          1             4.2           1    3.4    1    2.4
  2^nd^ degree                                                                             

  *Pes planus*\   0             0             0             0             0    0      0    0
  3^rd^ degree                                                                             

  *Pes cavus*\    0             0             1             4.2           1    3.4    3    7.3
  1^st^ degree                                                                             

  *Pes cavus*\    0             0             0             0             0    0      1    2.4
  2^nd^ degree                                                                             

  *Pes cavus*\    0             0             0             0             0    0      0    0
  3^rd^ degree                                                                             
  -----------------------------------------------------------------------------------------------

f = frequency

Study results demonstrated that the highest percentage of children had no noticeable foot deformity, thus 76.24% of children in 2005 and 75.92% of children in 2011 had healthy feet ([Table 1](#t1){ref-type="table"}). The only noticeable percentage of children with foot deformity referred to 1^st^ degree flat foot category, with 9.39% in 2005 and 14.69% in 2011. There were no significant differences in the occurrence of foot deformity either between the 2005 and 2011 generations or according to gender and age between and within each subsample ([Table 1](#t1){ref-type="table"}).

The results of this research indicated that the largest number of children aged 7-11 had no noticeable foot deformities, thus in children measured in 2005 and 2011 the frequency of deformity was about 76%. The only noticeable percentage of children with foot deformity referred to 1^st^ degree flat foot category, with 9.39% in 2005 and 14.69% in 2011 ([Table 1](#t1){ref-type="table"}). There are studies that confirm a higher rate of deformity than normal feet at this age, with 59% in children aged 7-12 ([@r21]), 50%-60% ([@r16]), and 60%-66% ([@r17]). Nevertheless, a significantly smaller number of deformities in children of this age can be observed when compared to preschool children. Therefore, the results of this research are consistent with the results that show how the frequency of some of the emerging forms of flat foot decreases with aging. Evans ([@r22]) found 31 flat foot cases in a total of 140 (22%) measured children aged 7-10. Sadeghi-Demneh *et al*. ([@r23]) report on only 17% of flat foot at the age of 7-14. Mikić *et al*. ([@r14]) report on up to 68% of normal feet in children aged 8-9, and El *et al*. ([@r15]) on nearly 84% of healthy feet in children of the mean age of 9.2 years. Likewise noticeable was the decrease, although not statistically significant, of foot deformity while growing-up from elementary school 1^st^ to 4^th^ grade in both boys and girls.

The only increase in deformity was observed in boys measured in 2011, with normal feet falling in percentage from 84% to 64% of cases. It can be concluded that the age and foot development play a significant role in the occurrence of deformities. In other words, deviations from normal values are more noticeable in younger children ([@r24]-[@r27]).

In our study, no difference was found between subjects from different generations, i.e. between the children measured in 2005 and 2011. The frequency of healthy feet in both generations ranged around 76% and there was no statistically significant difference in frequencies (?χ^2^=8.48; p=0.21). The same applied to boys and girls measured in 2005 and 2011, although in 2011, a slightly higher frequency of healthy feet was evident in boys as compared to girls ([Table 1](#t1){ref-type="table"}). An apparently short period between the two measurements was not sufficient to cause significant anatomic changes caused by lifestyle.

Likewise, no gender differences were observed either in a single measurement or at any age. These results are opposed to other studies suggesting that boys are more inclined to foot deformities and that the incidence is more noticeable in male gender. Thus, Chen *et al*. ([@r25]) report on the 35% incidence in boys and 20% in girls aged 5-13. There are literature reports on gender differences in preschool children ([@r21], [@r24]-[@r28]), as well as in children aged 7-14 ([@r23]), whereas Hernandez *et al*. did not observe significant gender differences in the frequency of deformity in children aged 5-9 ([@r29]).

Conclusion
==========

Although foot deformities are considered to be one of the most common postural deformities, this research, conducted in a sample of 426 1^st^ to 4^th^ grade primary schoolchildren, indicated that the largest number of subjects had no noticeable foot deformities, flat foot particularly. Likewise, there were no gender differences in the occurrence of flat foot and no differences in the incidence between children measured in 2005 and 2011. Obviously, gender does not play a significant role in the frequency of deformities, and the period of only six years between the measurements was insufficient to observe any significant anatomic changes in the feet of elementary school children. However, due to the problems that foot deformities could cause, it is necessary to continue monitoring foot arches in order to intervene in a timely manner and prevent the occurrence of deformities by appropriate therapeutic procedures.
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